Due to its advantages during placing, self-compacting concrete (SCC) seems to be a very promissing material for concrete construction. At this moment however, not much information is available concerning the fundamental background of the properties of the SCC. At the Magnel Laboratory for Concrete Research, an extended research programme is going on in order to more fundamentally understand the behaviour of this material. This research project includes the study of the fresh, hardening and hardened SCC, with due attention given to the time-dependent mechanical behaviour.
INTRODUCTION
The high content of cement and fillers with often puzzolanic properties, the limited presence of coarse aggregate and the use of rather large amounts of chemical admixtures make it possible to realize self-compacting concrete [1, 2] . These differences in mixture proportions and applied materials between self-compacting and traditional vibrated concrete can result in an essentially different behaviour towards certain properties. Next to changes in the thermal [3, 4] and the immediate mechanical behaviour [4] , these differences can have an important influence on the creep and shrinkage of the self-compacting concrete.
GENERAL SPECIFICATIONS
At the Magnel Laboratory for Concrete Research an extensive experimental programme was set up in order to study the creep and shrinkage behaviour of self-compacting concrete. Nine different mixtures are considered studying different parameters like cement type, cement content, powder content, superplasticizer content and use of a viscosity agent. All compositions show a slump flow of about 800 mm, and proove to be completely self-levelling during the U-test [1] . The mixture proportions, slump flow results and compressive strength at 28 days are given in table 1 .
On each of the mixtures, shrinkage and creep tests are carried out. Sealed specimens (using a self-adhesive aluminium) were used to prevent moisture exchange with the environment and thus to measure the basic creep and shrinkage. Drying creep and drying shrinkage were measured on unsealed specimens.
The creep tests were performed on concrete prisms 150 mm x 150 mm x 500 mm loaded in compression to 1/3 of its strength at the age of 28 days. The specimens are loaded two by two, one sealed specimen and one unsealed. The uni-axial compressive load is applied by means of a hydraulic system which consists of a pump, an accumulator, a pressure cell and a loading frame (for more details : [5] ). Strain readings are taken on four sides of the specimen using a portable mechanical deformeter.
Shrinkage deformations were measured by means of accompanying unloaded specimens. The measurements of the shrinkage start at the age of 24 hours.
The test set-up was placed in an air-conditioned room at 20 °C and 60 % R.H. Figures 1 and 2 give the results of shrinkage measurements of mixes 1, 2, 3 and 4. Looking into the composition of these mixes (table 1), it is clear that, going from mix 1 to mix 4, more cement and less filler is added to the mix, retaining the powder content (powder being the sum of cement and fillers). This results in an increasing c/p ratio (cement to powder ratio) and a decreasing w/c ratio. Figure 1 shows increasing shrinkage deformations as the c/p ratio is decreasing and the share of the filler in the powder content is rising. Shrinkage deformations are decreasing when less cement is added and as a consequence the c/p ratio decreases and w/c ratio is increasing.
RESULTS OF CREEP AND SHRINKAGE TESTS

Shrinkage deformations
From these varying parameters, the model to predict shrinkage deformations suggested by the Model Code 1990 is only taking into account the w/c ratio. In this, a decreasing w/c ratio should result into smaller shrinkage deformations, which is the opposite of the results found for the self-compacting concrete. Herewith, it can already be concluded that modelling of shrinkage deformations of SCC only based on the w/c ratio as varying parameter describing the composition of the mix, would not lead to accurate predictions. The results of the drying shrinkage (figure 2) show that during the first three to four months the c/p ratio has little influence on the drying shrinkage.
To support these foundings theoretically, the following hypothesis can be suggested : For a traditional concrete, a rize of the w/c ratio causes a decrease of basic and an increase of drying shrinkage, with an increase of total shrinkage deformations as a result. The increase of the drying shrinkage can be explained by an increase of the pore content caused by the higher w/c ratio, resulting in more possibilities to reduce the volume. When this explanation is translated to SCC, a decrease of the basic shrinkage can be expected, as also established experimentally. The increase of drying shrinkage for traditional concrete is explained by the rize of the pore volume caused by the increasing w/c ratio, and this part is where the difference with SCC can be expected. For the compositions considered, the increasing w/c ratio will not or almost not lead to an increase of the pore volume because the powder content and w/p ratio are kept constant. Phenomenological [6, 7] this means that the amount of powder particles is still the same, and by adding the same amount of water (w/p ratio is constant), the thickness of the waterlayer around the particles and the distance between the particles will remain the same even with varying c/p ratio. This hypothesis might explain why the variation of the drying shrinkage is very small and as a consequence the total shrinkage deformations will decrease with decreasing c/p ratio and increasing w/c ratio. The results for the shrinkage deformations of mixes 5 and 6 show that the deformations are little influenced by adding another filler with a finer grading and by adding CEM I 52.5 instead of CEM I 42.5 R.
From these findings it can be concluded that for SCC, shrinkage deformations are not only influenced by the w/c ratio, but by the combination of w/c and c/p ratio.
It is therefore obvious that for the modelling of the deformations, it is tried to include this combined influence by incorporating the c/p ratio into the formulation of the traditional models. Figures 3 and 4 give the results of the creep deformations of the six mixes. On the basis of these data, the following foundings can be stated :
Creep deformations
• The results of mixes 1 to 4, with varying c/p ratio, show creep deformations that, opposite to the shrinkage deformations, decrease with increasing c/p ratio and consequently decreasing w/c ratio. In this case, on first sight, it can be concluded that increasing cement content results into decreasing w/c ratio, stronger concrete and decreasing deformations. Nevertheless, comparison with existing models shows that the ratio of the predicted values, with w/c as a parameter, and the experimentally obtained results, doesn't evolve constantly with the w/c ratio. This means that, apart from the w/c ratio, a second parameter is influencing the deformations.
• The use of a filler with finer grading (figure 4) almost does not influence the creep deformations. This was also found for the shrinkage deformations.
• The use of CEM I 42.5 R or CEM I 52.5 also does not seem to influence creep. In this it has to be remarked that, despite the fact that total deformations are not different, the share of basic and drying creep into these total deformations do seem to differ.
APPLICABILITY OF EXISTING MODELS
To make it possible to compare the different compositions, it is tried to apply traditional creep and shrinkage models for the behaviour of the self-compacting concrete. Well-known models like the ACI-model [8] , the CEB-FIP Model Code 1990 [9] and the model of de Larrard (with and without silica fume) [10] are evaluated. • The ACI model leads to an acceptable prediction of the total shrinkage deformations, nevertheless an overestimation of deformations is found during the first 50 days of drying. • This underestimation is also noticed when using the model of De Larrard. The smallest differences with the experimental results are found using the model suggested for concrete with silica fume.
Shrinkage deformations
Creep deformations
The experimental results and the predicted values for the creep deformations of mix 2 are given in figures 7 and 8. For the other mixes, similar figures are found [4] . Comparison of the experimental results and the predicted values results into the following conclusions :
• As for the shrinkage deformations, the ACI model leads to an acceptable prediction of the total creep deformations. Exception to this is mix 4 for which the deformations are overestimated by the formulas suggested by ACI.
• The model suggested by the Model Code 1990 always leads to an underestimation of the creep deformations. Exception to this is again mix 4 for which this time the model leads to an acceptable prediction.
• This underestimation is also noticed when using the model of De Larrard. The smallest differences with the experimental results are found using the model suggested for concrete without silica fume, as opposed to the shrinkage deformations which are better predicted by the model used for concrete with silica fume.
MODELLING BASED ON EXPERIMENTAL RESULTS
The comparison of the experiments and the different models shows that the shape of the curve formulated by Model Code 1990 gives the best approximation of the shape of both the shrinkage and creep deformations.
Therefore, with this model as a basis, it is tried to formulate some suggestions to include the c/p ratio into the formulas in order to obtain a better prediction of the time-dependent deformations of SCC. This results into formulas (1) and (2). In this it has to be remarked that because of the few tested mixes and the contradictory data in literature, the suggested modifications to the formulas of the Model Code cannot be evaluated effectively. Therefore these modifications have to be treated with care and they can be considered as an incite to further and more profound research. The formulas suggested in (1) and (2) give an indication of the time-dependent deformations of self-compacting concrete with a c/p ratio between 0.5 and 0.75.
CONCLUSIONS
After evaluation of the findings of the test series as described, the following conclusions can be formulated :
• With increasing c/p ratio, and consequently increasing cement content and decreasing w/c ratio, a decrease of the creep deformations is found. Based on the theoretical background and traditional models, it seems logical that a decrease of the w/c ratio causes a decrease of deformations. The shrinkage deformations on the contrary show the opposite. An increase of the c/p ratio causes an increase of shrinkage deformations. This might be explained by the hypothesis that the pore content does not change with the variation of the w/c ratio, because the w/p ratio and paste content stay the same for all tested mixes. These results make clear that it is not only the w/c ratio, but the combination of w/c and c/p ratio that is controlling the time-dependent deformations. As a consequence, both factors need to be present in a prediction model for the deformations.
• The fineness of the tested fillers has almost no influence on the deformations.
• The use of CEM I 42.5 R or CEM I 52.5 has no influence on shrinkage deformations, while the influence on basic and drying creep cannot be neglected.
• Comparison of the experimental results with some traditional models shows that the ACI-model results into a reasonable accurate prediction while the models suggested by de Larrard and the Model Code result into an underestimation of deformations.
• Based on the available experimental results it can be stated that the magnitude of the deformations of the self-compacting concrete is comparable with the magnitude of the deformations of a traditional concrete. This was also found by Persson [11] and Skarendahl and Petersson [12] . The use of self-compacting concrete will probably not lead to a necessity to take extra preventions considering shrinkage and creep behaviour of the structure.
• The influence of the different components and the mix compositions of the selfcompacting concrete have to be studied more closely, for which a broader series of mixes has to be tested.
